S
kiing and snowboarding are commonly enjoyed as winter sports and are growing in popularity, which has coincided with an increase in injuries in both sports. 2 With injury rates ranging from 2 to 6 per 1000 days of skiing or snowboarding, both sports are considered to be fairly safe. Despite the low incidence, there tends to be high morbidity associated with these injuries, because they typically occur at high speeds. Accidents involving collision with trees or other obstacles are the most common causes of injury and death seen in skiers, 7, 11 whereas intentional jumping over obstacles higher than 2 m is consistently reported as the most frequent cause of injury in snowboarders. 1, 13 Most injuries in skiers occur in the lower extremities, most commonly as a tibial fracture or anterior cruciate ligament strain. 2, 7, 13 Snowboarding accidents lead to fewer lower-extremity injuries, but to more wrist fractures and a higher incidence of splenic injuries. 1 Although SCIs are a relatively rare event, 12 they result in significant morbidity and mortality when they do occur. One study suggested that snowboarders had a higher risk of spine injuries. 1 The inherent differences in skiing and snowboarding, such as stance, preferred terrain, and maximum speeds attained, probably account for the differences in severity and patterns of injury. A later study suggests that the risk of SCI is approximately equal in both skiers and snowboarders. 12 In the present study, the NIS was used to attain a large study population, and our investigation aimed to describe SCI patterns in those who suffer a vertebral column fracture while skiing or snowboarding. This study is a descriptive analysis of spinal column injuries and SCIs seen in skiers and snowboarders who sustained trauma requiring hospital evaluation.
Methods
The Object. Skiing and snowboarding injuries have increased with the popularity of these sports. Spinal cord injuries (SCIs) are a rare but serious event, and a major cause of morbidity and mortality for skiers and snowboarders. The purpose of this study is to characterize the patterns of SCI in skiers and snowboarders.
Methods. The authors queried the Nationwide Inpatient Sample for the years 2000-2008 for all patients admitted with skiing or snowboarding as the mechanism of injury, yielding a total of 8634 patients. The injury patterns were characterized by the ICD-9 diagnostic and procedure codes. The codes were searched for those pertaining to vertebral and skull fracture; spinal cord, chest, abdominal, pelvic, and vessel injuries; and fractures and dislocations of the upper and lower extremity. Statistical analysis was performed with ANOVA and Student t-test.
Results. Patients were predominantly male (71%) skiers (61%), with the average age of the skiers being older than that of snowboarders (39.5 vs 23.5 years). The average length of stay for patients suffering from spine trauma was 3.8 days and was increased to 8.9 days in those with SCI. Among hospitalized patients, SCI was seen in 0.98% of individuals and was equally likely to occur in snowboarders and skiers (1.07% vs 0.93%, p < 0.509). Cervical spine trauma was associated with the highest likelihood of SCI (19.6% vs. 10.9% of thoracic and 6% of lumbar injuries, p < 0.0001). Patients who were injured skiing were more likely to sustain a cervical spine injury, whereas those injured snowboarding had higher frequencies of injury to the lumbar spine. The most common injury seen in tandem with spine injury was closed head injury, and it was seen in 13.4% of patients. Conversely, a spine injury was seen in 12.9% of patients with a head injury. Isolated spine fractures were seen in 4.6% of patients.
Conclusions. Skiers and snowboarders evaluated at the hospital are equally likely to sustain spine injuries. Additionally, participants in both sports have an increased incidence of SCI with cervical spine trauma. (DOI: 10.3171/2011.8.FOCUS11179) in the US, includes all payers, and with approximately 8 million entries per year, it accounts for a stratified sample of approximately 20% of all inpatient admissions. For the year 2008, the NIS contains data obtained from 1056 hospitals in 42 states. The authors queried the NIS for the years 2000-2008 for all patients admitted with skiing or snowboarding as the mechanism of injury, yielding a total of 8634 patients. Patient sex, age, in-hospital death, and the day of the week and month of injury were recorded. The injury patterns were characterized using the ICD-9 diagnostic and procedure codes. The codes were searched for those pertaining to vertebral and skull fracture; spinal cord, chest, abdominal, pelvic, and vessel injuries; and fractures and dislocations of the upper and lower extremity. Procedure codes for fusion of any vertebral level, laminectomy, or any surgical spine repair were extracted from the sample set ( Table 1 ). The length of stay, need for repeat surgery, and presence of thromboembolic complication were assessed for each patient. Statistical software (SPSS, Inc.) was used to search the database for each of the above-mentioned codes. Statistical analysis was completed using the Fisher exact, chi-square, ANOVA, and Student t-tests in GraphPad Prism (GraphPad Software, Inc.).
Results

Patient Demographic Data
Patients were predominantly male (71%) skiers (61%), with the average age of the skiers being older than that of snowboarders (39.5 vs 23.5 years). Nine (25%) of 36 snowboarders with an SCI were younger than 18 years of age, compared with 9 (18.3%) of 49 skiers ( Table 2 ). The 
Surgical Intervention
Isolated spine injuries were seen in 4.6% of patients. Skiers had higher rates of fracture or dislocation in the cervical spine, followed by thoracic and lumbar spine (3%, 2.7%, and 2.5%, respectively; p < 0.0001 between cervical and lumbar spine). Snowboarders were more likely to suffer lumbar or thoracic injury than trauma in the cervical spine (4.9% lumbar, 3.9% thoracic, 2.6% cervical; p < 0.0001). In the analysis of patients who suffered a spine injury with or without SCI, skiers were more likely to injure the cervical spine (40.7% in skiers vs 25.3% in snowboarders; p < 0.0001), whereas snowboarders were more likely to injure the lumbar spine (47.6% in snowboarders vs 35.2% in skiers; p < 0.0007). However, in both groups, cervical spine trauma was associated with the highest likelihood of SCI (19.6%, vs 10.9% of thoracic and 6.0% of lumbar injuries; p < 0.0001) (Fig. 1 upper) . This held true when analyzed according to sport as well, as seen in Fig. 1 lower.
Of those who sustained a cervical SCI, 66.6% underwent surgical fixation compared with 56.7% of those with a thoracic injury and 55.6% of those with a lumbar injury. Patients with SCI associated with a thoracic fracture were more likely to undergo surgical fusion than those without SCI (OR 11.93, 95% CI 5.171-27.54). Similarly, in patients with a lumbar spine fracture, there was a significantly increased tendency to undergo spinal fusion if there was an associated SCI (OR 13.4, 95% CI 4.847-37.25). Patients with cervical spine injuries were equally likely to have fusion with and without SCI (OR 1.3, 95% CI 0.707-2.540) (Fig. 2) .
Of note, SCIWORA, although rarely occurring, was seen almost twice as frequently in skiers as in snowboarders (1.17% vs 0.54%, p < 0.0001).
Multiply Injured Patients
The most common injury seen in tandem with spine injury was closed head injury, and it was seen in 13.4% of patients. Conversely, a spine injury was seen in 12.9% of patients with a head injury. Among those with spine injuries, snowboarders had almost twice as many closed head injuries compared with their skiing counterparts (14.0% and 7.8%, p < 0.0001).
Excluding head injuries, skiers who had thoracic and lumbar vertebral injury were more likely to have multiorgan trauma than skiers who had cervical spine injuries (48% for thoracic and 46% for lumbar vs 19% for cervical; p < 0.004). A similar trend was seen in snowboarders; 24% with thoracic trauma, 27% with lumbar trauma, and 14% with cervical trauma had multiple injuries (p < 0.06).
In general, snowboarders were more likely to have injuries to their upper extremities, (48% vs 13% of skiers, p < 0.0001), whereas skiers had significantly more lowerextremity injuries (58.6% vs 22.3% of snowboarders, p < 0.0001). Patients who had an SCI were more likely to be discharged to a rehabilitation facility than those with injuries not including SCI (OR 17.02, 95% CI 11.02-26.30).
Length of Stay and Hospital Charges
On average, patients who suffered an SCI stayed 5.8 
Fig. 1. Bar graphs showing associations between trauma level and SCI. Upper:
The SCI level among injured skiers and snowboarders was significantly correlated with the vertebral level of the trauma. Cervical spine trauma had the highest incidence of SCI, at 19.6%, compared with 10.9% in thoracic, and 6.0% in lumbar spine fractures (p < 0.0001). Lower: The association between higher vertebral level and increased likelihood of SCI was maintained across both skiers and snowboarders.
days longer than their counterparts without SCI (8.8 days vs 3.0 days, p < 0.0001). Patients who suffered an SCI also had higher costs associated with their hospitalizations ($94,795 vs $29,479; p < 0.0001). Patients with SCI were more than 8 times as likely to be discharged to a rehabilitation facility versus home or self-care after their hospital stay (53% of patients with SCI vs 6.2% patients without SCI, p < 0.0001). Skiers and snowboarders had similar length of hospital stays and charges accrued (2.9 vs 3.2 days and $20,175 vs $22,824, respectively).
Discussion
As skiing and snowboarding become more popular sports, with growing numbers of occasional participants, the rates of injuries are increasing. 3, 6, 7 Two studies suggested that the rates of spinal column (vertebral) injury and SCI are decreasing in overall frequency, but have changed in regard to the level injured. 5, 7 The rates of neurological injury are typically in the range of 1 in 100,000 skier days, and complications leading to death are as low as 1 in 2 million skier days. 5, [11] [12] [13] This study aimed to examine, on a large scale, how spinal column injuries and SCIs differed in participants in these 2 sports. As with other studies, minor injuries may not have been brought to the attention of the ski patrol or may not have required evaluation in an emergency department. 10 Using the dataset, we calculated an estimate of the national burden of spine injuries among skiers and snowboarders. Because the NIS represents a rotating sample of approximately one-fifth of hospitalizations in the US annually, we performed an approximation of the annual injury burden by calculating the mean injury rate within the NIS for the years in question and then estimating a national average of the types of injuries in patients admitted to hospital. Between the years 2000 and 2008, there was a mean of 81.3 (range 18-126) spine injuries, leading to an estimate of 406.5 spine fractures sustained nationally by skiers and snowboarders each year. Of these spine injuries, an estimated 105.5 required surgical treatment each year nationwide.
In this population, SCI was not seen more frequently in skiers or snowboarders, which is divergent from the study by Tarazi et al., 13 but mirrors the results seen by Sacco et al. 12 The difference may be due a deficiency in our study due to inability to calculate the total number of skiing participants or because of the substantially larger patient population in this study.
Cervical injuries were seen more frequently in skiers than in snowboarders, which is congruent with the mechanism of injury previously described for each sport. 1, 7, 11 The majority of injuries sustained while skiing occur due to falls or collision and have been associated with cervical injuries, whereas snowboarding injuries are more likely to occur as a result of intentional jumping and subsequent landing on the buttocks or with increased force on the legs. 4, 6, 9, 11, 13, 14, 16 This is contrary to what was seen in an analysis of injuries treated in a Utah hospital, 15 where the most frequent level injured was the thoracic and lumbar spine. As stated above, our data suggest that cervical spine injuries lead to more SCI and that skiers more frequently injure their cervical spine. However, it did not show statistically significantly more SCIs in skiers. We reported a higher surgical intervention rate than in previous studies 5 and noted that SCI substantially increased the incidence of fusion in lumbar and thoracic injury. Cervical fusion rates were not dependent on SCI. The high occurrence of fusion in cervical injuries without SCI could be due to surgeons' comfort level with cervical fusions compared with the thoracic spine. In our study, the exact vertebral injury level was not assessed, nor was injury to the thoracolumbar junction, which was noted to be the most common location by other authors. 4, 13 Also, the type of fracture could not be assessed in this study due to the inability to review patient charts.
The proximal cause of death was not available because charts were not reviewed. However, the number of deaths in patients admitted to the hospital with ski or snowboard injuries is extremely low. Other authors have quoted the incidence of fatal ski or snowboarding injury to be as low as 1 in 2 million skier days. 5 Also, similarly to Sacco et al., 12 a higher number of fatal injuries was seen in primarily male skiers.
The younger age of snowboarders is a trend that has been noted in several other studies. 6, 8, 12, [14] [15] [16] Although in this study we were not able to assess skill levels in the injured participants, others have noted that most injuries occurred while patients were skiing or snowboarding at their skill level, and individuals sustaining injuries were typically intermediate or expert skiers. 11, 14 This has been attributed to the higher likelihood of "jump failure" in the expert groups; these individuals are taking more risks than those in the beginner groups.
The most common mechanism of injury in snowboarders is associated with jumping. 1, 16 With aerial maneuvers being cited as the culprit for increased SCIs in snowboarders, 16 it is not unreasonable to believe that more skiers will sustain injuries as they begin pushing vertical boundaries. The addition of more extreme skiing and snowboarding into the Olympics and other international competitions will serve to push those limits further.
The increased incidence of SCIWORA in skiers is interesting, because it is typically associated with pediatric injuries due to the laxity of the spinal ligaments. 8 This differs from what would be expected when the younger population typically consists of more snowboarders than skiers. It is likely that the flexion and extension injuries seen in skiers accounts for this difference.
We did not find a difference in length of hospital stay between skiers and snowboarders, unlike others. 13, 15 Length of hospital stay was dictated more by the presence of SCI, which is probably reflective of the more severe nature of the injury. The overall cost of hospitalization was not different between sports, which is expected if the length of stay is primarily determined by other variables. Similar to what was found by Sacco et al., 12 February was the month most associated with injuries.
Limitations of the Study
As a retrospective study, there may have been some information that was not included in the initial collection of data. Coding for similar injuries may have been inconsistent because the patient population was formed using a nationwide database. In such a large, heterogeneous population, there is no way to know the total number of ski/ snowboard days, and thus there is no true denominator. Also, the use of protective equipment was not recorded in the database.
Skiers and snowboarders who suffered injuries that did not necessitate an emergency room workup were not part of this study group, thus eliminating less severe injuries from this cohort. To counteract this, those who died while still at the resorts were also not included, which leads to an underestimation of fatalities in this study.
Conclusions
The prevalence of SCIs is similar among skiers and snowboarders evaluated in hospital. Additionally, participants of both sports have an increased incidence of SCI with cervical spine trauma. The most predominant difference between the groups is at what level the fracture occurred; snowboarders had more lumbar fractures and skiers had more cervical injuries. This is probably attributed to the mechanism of injury, which has been described in other studies.
